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echnically speaking 


Estimating radio range 


By Harold Kinley, C.E.T. 


Many variables go into the formula 
for calculating radio coverage area or 
range. Unlike free-space propagation, 
no simple formula fits every situation 
for plane-earth propagation. Of particu- 
lar importance in estimating or calcu- 
lating radio coverage is the terrain it- 
self or the “lay of the land.” In this 
column we will look at a series of range 
prediction graphs based on the modified 
Egli model—a formula found in Edward 
Singer’s book, Land Mobile Radio Sys- 
tems (Prentice-Hall, 1989).* This book 
is highly recommended for anyone work- 


* This book is now in its second edition, published 
in 1994. 


Kinley is a certified electronics technician with 
the South Carolina Forestry Commission, 
Spartanburg, SC. He is the author of Standard 
Radio Communications Manual: With Instru- 
mentation and Testing Techniques, Prentice-Hall, 
1985. 
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Figure 2. The effective height of a mobile antenna depends on the con- 
ductivity of the soil or other surface. Note that at 150MHz the minimum 


effective height is approximately 6 feet. 


Figure 1. The intersections of cardinal radials 
from a tower site and concentric circles of a set 
increment are used as sampling locations for 
determining height above average terrain 
(HAAT). 


ing in land mobile radio. 

Before describing the use of these graphs, 
let’s cover a few topics that you should know 
and understand to better use the graphs. 


Effective base antenna height 


To calculate the “effective” antenna 
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height or height above average terrain 
(HAAT) for a base antenna, three figures 
must be known or computed: 

(1) the height of the antenna above 
ground level (AGL). 

(2) the elevation of the tower site above 
sea level (ASL). 

(3) the average terrain clevation above 
sea level. 

To calculate the average terrain eleva- 
tion, you must know the elevation at the 
tower site and at 40 points surrounding 
the tower site. Figure | at the left shows 
the required locations where the elevation 
must be known. The center is the tower 
site location. Notice that there are eight 
radials extending from the center to a 
point 10 miles out. These radials begin at 
0° and are spaced 45° apart. They are 
known as the cardinal radials. Concentric 
circles at two-mile increments are drawn 
around the center point, with the outer 
circle being at a distance of 10 miles from 
the tower or center. At each point where 
a radial intersects a circle, the elevation 
must be determined. 


(continued on page 46) 
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Figure 3. This is a graph of range vs. tower height for 155MHz with an 
effective radiated power (ERP) of 100W. The complete set of operating 


characteristics is: ERP = 100W; gain of mobile antenna = —1dBd; re- 
ceiver line loss = 1.5dB; noise degradation = 3dB; receiver antenna 
height = 6 feet; probability of communication = 90%. 
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(continued from page 8) 


A transparency of Figure | can be 
made to fit the scale of a topographic 
map and can be used as an overlay to 
determine the elevation of the various 
points required for calculating average 
terrain elevation. The tower site or cen- 
ter point is used eight times in the cal- 
culations, once for each radial, so it 
carries more weight than the other 


points on the radials. Once the eleva- 
tion at each of the points is determined, 
they are added together. Then the sum 
is divided by 48 to yield the average 
terrain elevation. 

Once the average terrain elevation is 
determined, the HAAT, or effective an- 
tenna height, is determined by adding the 
antenna tower height above ground level 
(AGL) to the tower site elevation above 
sea level (ASL), then subtracting the av- 
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N.F. Gain Device 

Recelve only Freq. Ranges (MHz) (4B) (dB) (48m) Type Price 
P3OVD, P35VD, P40VD, P45VD W-35, 35-40, 40-45, 45-50  <13 15 0 OGFET $ 44,95 
P30VDG, P35VDG, P40VDG, P45VDG 30-35, 35-40, 40-45, 45-50 <05 26 +12 GaAsFET $109.95 
P150VD, P160VD, P170VD 150-160, 160-170, 170-180 <15 15 0 OGFET $ 44.95 
PISOVDA, PI160VDA, P170VDA 150-160, 160-170, 170-180 <11 15 0 OGFET $ 56.95 
PI50VDG, P160VDG, P170VDG 150-160, 160-170, 170-180 <0.5 24 +12 GaAsFET $109.95 
P450VD, P460VD 450-460, 460-470 <18 15 -20 Bipolar $ 49.95 
P450VDA, P460VDA 450-460, 460-470 <1.2 16 -20 Bipolar $ 74.95 
P450VDG, P460VDG 450-460, 460-470 <05 16 +12 GaAsFET $109.95 
PBOOVDG, P830VDG, P&60VDG 800-830, 830-860, 860-890 <06 19 +12 GaAsFET $119.95 
Inline (rf switched) 
SP30VD, SP35VD, SP40VD, SP45VD 30-35, 35-40, 40-45, 45-50 <1.4 15 0 DGFET §$ 74.95 

SP35VDG, SP40VDG, SP45VDG 30-35, 35-40, 40-45, 45-50 <0.55 26 +12 GaAsFET $139.95 
SP150VD, SP160VD, SP170VD 150-160, 160-170, 170-180 <1.6 15 0 OGFET §$ 74.95 
SP150VDA, SP1B0VDA, SP170VDA 150-160, 160-170, 170-180 <12 15 0 OGFET $ 86.95 
SP150VDG, SP160VDG, SP170VDG 150-160, 160-170, 170-180 <0.55 24 +12 GaAsFET $130.95 
SP4S50VD, SP460VD 450-460, 460-470 <19 15 -20 Bipolar $ 79.95 
SP450VDA, SP460VDA 450-460, 460-470 <13 16 -20 Bipolar $104.95 
SP450VDG, SP460VDG 450-460, 460-470 <055 16 +12 GaAsFET $139.95 
Every preamplifier is precision aligned on ARR's Hewlett Packard HP8970A/HP346A state-of-the-art noise figure 


moter. RX only preamplifiers are for receive applications only. Inline preamplifiers are rf switched (for use 
with transceivers) and handle 25 watts transmitter power. Mount Inline preamplifiers between transceiver 
and power amplifier for high power applications. System S/N improvement 6-14 dB typical. Other amatour, 
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Research 


Box 1242 ¢ Burlington, CT 06013 © 203 582-9409 


commercial and special preampilfiers available in the 
1-1000 MHz range, Please Include $2 shipping In U.S, 
and Canada. C.0.D. orders add $2. Alr mall to foreign 
countries add 10%. Order your ARR RX only or Inline 
preamplifier today and start hearing like never before! 
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erage terrain elevation. The step-by-step 
process is shown in the table on page 48. 


Effective mobile antenna height 

For mobile antennas, a factor known as 
minimum effective height must be consid- 
ered. The graph in Figure 2 on page 8 
provides an approximation of the mini- 
mum effective mobile antenna height over 
poor soil, good soil and sea water. The 
dashed lines indicate that the minimum 
effective height of a mobile antenna at 
1SOMHz is approximately 6 feet. The 
minimum effective height should be used 
for calculations if it is greater than the 
actual height of the mobile antenna. If the 
actual height of the mobile antenna is 
greater than the minimum effective 
height, then the actual height should be 
used. 


Antenna gain figures 

When using various formulas involving 
propagation and path loss, the reference 
antenna for the antenna gain figures must 
be clearly understood. A lossless halfwave 
dipole has a gain of 2.15dB over the iso- 
tropic radiator (a theoretical antenna with 
equal radiation in all directions). When the 
isotropic radiator is used as the reference, 
the gain should be stated in dBi. When the 
halfwave dipole is used as the reference, 
the gain should be stated in dBd. 

Mobile antennas usually are refer- 
enced to the quarterwave mobile an- 
tenna. Compared to a halfwave dipole, 
the quarterwave mobile antenna would 
have a gain of about —1dBd. 


Effective radiated power 

The term effective radiated power 
(ERP) takes into consideration any losses 
or gains in the system between the trans- 
mitter output and the antenna (including 
antenna gain). It is easier to work with 
dBm or dBW units of measure because 
line losses and antenna gains are usually 
given in dB, To convert transmitter out- 
put to dBW, use the following formula: 

dBW = 10logP [1] 

To convert dBW back to power in watts 
use this formula: 

watts = antilog (dBW/10) [2] 

As an example, suppose that a transmit- 
ter has an output of 100W, a transmission 
line loss of 2dB and an antenna gain of 
5dBd. The transmitter output in dBW is: 


dBW 


i] 


1Olog(100) 
10(2) 
20dBW 


I 


The effective radiated power is: 


DISTANCE FROM TOWER IN MILES 


20dBW — 2dB + 5dB = 23dBW 


The ERP in watts is found from: 
watts = antilog(dBW/10) 
antilog(23/10) 


antilog(2.3) 
199.5W 


Wow 


Noise degradation 

If the mobile unit is operating in a 
heavily industrialized area, the noise level 
probably will cause significant degrada- 
tion of the signal. That is, a higher signal 
level will be required to produce a given 
level of quieting or a given SINAD ratio 


(1) Add column totals (A) through (F) = 32,550 
(2) Average terrain = step (1) + 48 = 678.125 
(3) Tower site elevation = 690 
(4) Antenna height = 500 
(5) HAAT = (3) + (4) — (2) = 511.875 


48 


from the receiver. The noise problem is 
less severe at VHF highband than on VHF 
lowband. As the operating frequency in- 
creases, the noise problem decreases. 
According to Electronic Communications 
Handbook (1988 McGraw-Hill), the noise 
degradation in suburban residential New 
York is 10dB at ISOMHz, 6dB at 450MHz 
and OdB at 900MHz. In rural areas, the noise 
degradation would be much less: 2dB or 
3dB or even less in extremely quiet areas. 
One noise factor is the ignition noise com- 


Table 1. Step-by-step process for determining height above average terrain. 


ing from the vehicle itself. This is one noise 
source that the mobile receiver cannot 
avoid. It can greatly degrade reception even 
at VHF highband frequencies. 


Reliability ratio 
To improve the reliability or probabil- 
ity of communications, a fade margin or 


Introducing the STI-9000, a simple, cost-effective system 


that measures signal coverage for: 


Cellular, Paging, Broadcast & Mobile Radio. 


The STI-9000 offers: 


Mobile Touch-Screen Control 


reliability margin must be built into any 
formula for calculating radio coverage 
area or range. Higher probability factors 
require greater reliability ratios or fade 
margins in decibels. In the following 
graphs of radio communications range, 
the probability of communication is 90%. 
The reliability ratios are: 14dB for VHF 


Survey 
Technologies 


T 


Incorporated 


For more information, 


Instant Signal Coverage Contour Plots 


Real-Time Measurements Display 
State-of-the-Art GPS Accuracy 


contact Bill Peek at 


503-591-5986 


SURVEY TECHNOLOGIES, INC. « 17980 SW SHADYPEAK * BEAVERTON, OREGON 97007 * FAX: 503-591-5986 
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Figure 4. This is a graph of range vs. tower height for 450MHz with an 
effective radiated power (ERP) of 100W. The complete set of operating 
characteristics is: ERP = 100W; gain of mobile antenna = —1dBd; re- 
ceiver line loss = 1.5dB; noise degradation = 1dB; receiver antenna 
height = 6 feet; probability of communication = 90%. 


Figure 5. This is a graph of range vs. tower height for 850MHz with an 
effective radiated power (ERP) of 100W. The complete set of operating 
characteristics is: ERP = 100W; gain of mobile antenna = —1dBd; re- 
ceiver line loss = 1.5dB; noise degradation = OdB; receiver antenna 
height = 6 feet; probability of communication = 90%. 


highband, 17dB for UHF and 19dB for 
850MHz. 


rain and average hill heights of 50 feet. 
Three graphs are presented: Figure 3 on 
page 8 for VHF highband (155MHz), Figure 


Figure 3 is for VHF highband. The vari- 
ous characteristics are listed. If the char- 
acteristics you need to use differ from 


Radio coverage graphs 

The graphs of radio range are based on 
terrain data from the Eastern Seaboard and 
Central Plains states with gently rolling ter- 


4 above left for UHF (450MHz) and Figure 
5 above right for 800MHz (850MHz). Be- 
cause all of these graphs are similar, only 
one will be described here. The graph in 


those listed for this graph, adjustments 
can be made using the vertical decibel 
scale at the right. For example, this graph 
is based on an effective radiated power 


For Worry-Free Communication, 
It Pays To Be Well Connected. 


New LIVIR™ 500 Low-Loss, Low-Cost, 
Flexible Communications Cable Gives You: 


>» Loss of 3.13 dB/100 feet at 900 MHz. 
>» Greater than 90 dB RF shielding. 

>» Weather resistant polyethylene jacket. 
>» Minimum bending radius of 1”. 

> $0.90 per foot. 


Times Microwave Systems LMR Cables and Connectors... 
A Better Connection. 
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(ERP) of 100W. If the ERP you are using 
is different, simply apply the formula: 


dB = [0log(P/100) [3] 
where 
P = effective radiated power in watts. 


This calculation yields a dB correction fig- 
ure to apply to the graph. For example, if the 
ERP is 200W, a +3dB correction figure re- 
sults from Formula 3. Here is how to apply the 
correction figure to the graph. 

Suppose, in Figure 3, that the antenna height 
(HAAT) is 200 feet. According to the graph, 
the range for L[OOW ERP is approximately 15.3 
miles. If the effective radiated power is 200W 
instead of 1OOW, the dB correction figure will 
te +3dB. To get the range for 200W ERP, 
move from the 200-foot point over to the nght 
dB scale and up 3dB. Move back over to the 
graph and down to the horizontal range scale 
to find the new range of approximately 18.3 
miles for the corrected ERP figure. 

Corrections for different noise levels also 
can be applied the same way. Receiver sensi- 
livity also can be adjusted this way. For ex- 
ample, the graph in Figure 3 is for a receiver 
sensitivity of 0.35V (12dB stnap). If your re- 


ceiver sensitivity is 0.7V, the correction factor 
would be: 


dB = 20log(0.35/S) 
= 20log(0.35/0.7) 
= 20log(0.5) 
= 20(-0.3) 
= —6dB 
where 
S = 12dB sinap sensitivity in V. 


Be sure to observe the value signs of the 
dB correction factors. Negative correction 
factors reduce the range, and positive cor- 
rection factors increase the range. 

Figure 3 shows that doubling the antenna 
height is equivalent to a 6dB change. This 
relationship means that the same effect can 
be achieved by using a higher-gain base 
antenna, using a higher-gain mobile an- 
tenna, using better transmission line to re- 
duce line losses, increasing transmitter 
power, using receivers with better sensitiv- 
ity or any combination of the above that 
results in a net increase of 6dB. 

Figure 3 also shows that a 6dB increase 
boosts the range by about 40%. A 12dB 
increase extends the range by about 100%. 


COMTELCO oustztcs, inc. 


A, American company building quality 


products in the USA since 1978. 


If you haven't tried our antennas, you may be 
missing out on one of the best values in the 


industry. 


We guarantee you will be pleased with both 


our price and performance. 


¢ Omni Base Station 
* UDA - YAGI 

* Mobile Cellular 

¢ Accessories & Mounts 


¢ VHF/UHF Dual Band 
¢ Marine Cellular 
* Mobile Two-Way 


Antennas for: Low Band, VHF, UHF, 
800/900 Cellular/SMR and 1.9 GHz 


Call for Free Data Book 
1-800-634-4622 


Fax (708) 790-9799 
501 Mitchell Road, Glendale Hts., Illinois 60139 
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For example. to increase the range by 40%, 
we could increase the antenna gain of the 
base station by 3dB and double the power 
(another 3dB increase). 

Quadrupling the antenna height is equiva- 
lent to a 12dB change. This change is equal 
to increasing the transmitter power by a 
factor of 16, The increase in antenna height 
must be effective height or HAAT. For ex- 
ample, if the average terrain elevation is 
750 feet, the antenna tower is 200 feet and 
the tower site elevation is 1.500 feet, then the 
HAAT is 1,500° + 200° — 750° = 950. If the 
actual tower height is doubled (from 200 feet 
to 400 feet) the new effective height is: 1,500’ 
+ 400 — 750 = 1,150. Thus, the effective 
height increased from 950 feet to 1,150 feet, 
much less than double. This change would 
result in only a slight improvement. 

The graphs in Figures 4 and 5 are similar 
to the graph in Figure 3, but they are for 
450MHz and 850MHz operations. Graphs 
such as these must be used cautiously and 
with two parts common sense! Even so, 
they are useful in making a determination 
of average coverages to be expected from 
given operating characteristics. 


Computerized coverage plots 
Computerized coverage plots have taken 


Figure 6 at the left shows a computer- 
generated contour plot prepared with 
SoftWright’s Terrain Analysis Package soft- 
ware. This plot was prepared using 360 radials 
at 1° spacing. The incremental value on each 
radial was 0.1 mile. This plot provided a con- 
tour with excellent resolution. The signal level 
for this contour was 16dBu. At 160MHz, with 
a line loss of 1,5dB and a quarterwave mobile 
antenna, the signal level at the receiver input 
is slightly higher than IV. 

Several computer programs that are use- 
ful in determining signal level, radio range, 
path loss, HAAT calculations and ERP cal- 
culations are available from the author. The 
cost is $10 plus $2.50 for shipping and han- 
dling. Please specify 32-inch or 5%-inch 
floppy disk. These programs are for IBM- 
compatible PCs running MS-DOS. Write to 
the author at 204 Tanglewylde Drive, 
Spartanburg, SC 29301-2949, 

Figure 6. This radio coverage plot was produced with SoftWright’s Terrain Analysis Package. The Stay tuned! 


various terrain elevations are retrieved from a terrain database and the various elevations are com- 
puted for each point (at 0.1-mile increments) on each radial. This plot contained 360 radials. This References 


roid doa ge pi mpcnaetatvazesreael Je mobile oe wr eanb oben to grok genet isa |. VHF and UHF Propagation, Datafile Bulletin 
s will produce slightly more than 1pV a 0 FECEIVEr: INPUT & gine M4. COMOUF. 10003-1, General Electric, Lynchburg, VA, 1962. 
> @ . . : ° > o! » Pe ax’ ; 
much of the guesswork out of radio range rain elevations, antenna height and other per- Bulg beck ; Rite “eo 
. ey . 2 ‘ ~ ‘ andbook, > saw. > ork, St 
calculation. Computer programs take into tinent factors. Coverage plots can be printed 3. Singer, Edward, Land Mobile Radio Systems, 
account effective radiated power, required sig- on a dot matrix printer or a plotter with county- Prentice-Hall, Englewood Cliffs, NJ, 1989 
nal level, probability of communications, ter- line boundaries included on the plot. ih 


Turn your service center 
into a profit center 
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service cycle. Y Mirae cae 
From a single point of entry | Hottest 

(Logbook), you can access i 

accurate customer data, i 

equipment history, technicians, © 


OR PAY 


$8,000.00! 


THAT'S THE FCC'S FINE FOR BURNED-OUT TOWER BEACONS. 


Service Information System 


Of course you can pay $30.00 a month forever for monitoring. 
Or you can use the Transtronics™ Intelligent Tower Light 
Monitor (ITLM™). 


* Do your own remote or local monitoring. 

* Have any alarm company monitor your tower at market 
rates with the same equipment! 

* Tie it into your existing remote control system. 

* Don't throw away your old lighting box! 

*Turn key system is easy to install - no wizards required. 

* Simply the most flexible tower lighting monitoring 
solution on the market. | 

* Systems go for about $600. 


suppliers, service contracts, 
inventory and dispatch, This 
modular system uses look-up 
tables and pre-set defaults to 
make Work Order data entry 
and information retrieval fast 
and easy. 


CHANGE YOUR MIND YET? MAYBE THIS WILL HELP. 


Get a 60 day free trial or rent to own! ServicePlus modules include: 


* SP Manager 

* Logbook (Work 
Orders/Invoicing) 

* Inventory Control! 

* Service Contracts 

* Dispatch 

¢ Purchase Orders ServiceWare 

* ACCPAC Plus™, Great Corporation 
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Interface Fax: (613) 521-5595 
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